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ABSTRACT : 



According to the present invention, there can be provided 

pro?ein, luciferase excellent in thermostability etc. and with high catalytic 

efficiency. 
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CLAIMS : 

What is claimed is: . u -^^ ^^^^fl^ lucif erase activity and having a 

Luciola cruciata luciferase. wherein the amino C acid residue 

isoleucine residue. _ x,^,..^,^ fnr-^flv luciferase activity and having a 

Luciola cruciata luciferase. . . ^ wh^r-ein the amino C acid residue 

bioluminescent protein of claim 1 f^^^f ^° ^ 

(Luciola cruciata). _ ^r^^^^i^^ inr-iferase activity, wherein the 

protein having firefly luciferase ««"'"=y' 5^1^ other bioluminescent 

The bioluminescent P'""" "^.^^^^Tvlwls" ;u"feras. from Heike firefly 
^ru^!iL''!aSafi""Kjric^:"ire?S"phLi„us pyrali., or =enii firefly 

l^TSfol'uSeJc^it P"-i„ having firefly luciferase activity^ 
bioluminescent protein of claim 3 is fused to at le 

'i^^ ps^^ E 's-iiic-i^a^f rroSi^i"i"frrSy 



12/11/01 6:54 PM 



1 of 2 



Record Display Form 



wysiwyg://161/http-.//westbrs:8820^a...ge=&p_Message=&p_doccn^ 

^Liuco-oxii crucxacaj . . v ^r,r, f-irpflv lucif erase activity, wherein the 

11. A bioluminescent protean havngfxref^ ^^^^^ bicluminescent 

bioluminescent protein of claim 4 ru^c 
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Dementieva et al, "Physicochemical properties °f ^^f ^Sri^^'isfe' ^p'^'s-'s. 
lufiferace and its mutant forms" Biochemistry, vol. 61, No. 1. l^Sb, PP- 
i^mentle^a lt\l, "Assay of ATP in intact Escherichia coli eel s express ng 
recombinant firefly luciferace" Biochemistry, vol. 61, No. 7 1996, PP • 
recombinant __t ire y ^^^^ efficiency of cationic l^P°^°"^-">^^^^^^5 

inLaieJo^s gene delivery", Nature Biotechnology, vol. 15, 1997, pp. 167-173. 

ART-UNIT: 162 

PRIMARY -EXAMINER: Slobodyansky ; Elizabeth 
ATT Y- AGENT -FIRM: Nixon & Vanderhye P.C. 

ABSTRACT : 

pol^Scl^oJidel vectors and host cells are also ?|-l°-^;^riirL"?ea? time, 
assaying the amount of ATP in a material (e.g. cells) optionally m real time. 
Also disclosed are test-kits for in vitro assays. 
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CITY 
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Cambridge 
Cambridge 
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U3-CL-C„K.mT, 135/S, liS/il^, iii/H-i. iil'H^' '-^''-^ 

CLAIMS : 

What is claimed is: v,avina 70% or more homology to a luciferase of 

1. A recombinant mutant 1^"^ ^^f % ^^^^"^ °^ ^^^q nO:14) , Luciola 
Photinus pyralis (SEQ ID NO: 21 J;^"°J^i^^"^sEQ id N0:18) or Lampyris noctiluca 
lateralis (SEQ ID N0:16), Luciola ^^^^^^^^^^^^i^g to amino acid residue number 
(SEQ ID NO:20); wherein ^^e amino-acid corresp ^^^^^^^^^^^ ^ith respect to 
245 or 318 in Photinus Py^al^^ ^^^^^"^^^^iHue such that the K.sub.m for ATP is 
the corresponding wild- type amino ^^^^^^^^^^ non-mutated enzyme, 
increased with respect to that of ^ili^ 1 wherein the amino-acid 

2. A recombinant mutant in Photinus pyralis luciferase has 
corresponding to amino acid ^^^^'^^^/^^^^gp^'aing wild-type amino acid residue 
Tl rufi^iSre^f Sai::rJn ^c?aS\^=1he\.sub.m is at least double that 
f ?!u"sf S S:red in Claim 3 wherein the K.sub.m is at least five times 

TTluciferase as claimed in claim X wherein the K.sub.m is of the order of X 
r-A luciferase as claimed in claim X having a V.sub.m for ATP which is S-XOO% of 
n ?^cifer::™fimld"5i'cSm 2 wherein the said amino-acid has been 
rriSlerare a^ ^aSlnTla^m^^^wherein the amino-acid has been substituted 
for Ala, Asn, or Gin. i i whirh is derived from Photinus pyralis and 

corresponding non-mutated enzyme, improve^.. 

wavelength of emitted lis^t. i„„iferase as claimed in claim X. 
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further comprising a repiicatj-^ 

in a suitable host cell. nolvnucleotide as claimed in claim 14 

16. An expression vector comprising a Poly--l-°.^^ expression of said 

further comprising a P^°"'°^^^. ^J^'^^eJ i ^ 

?f Tee^^o^as'^l^i^ef fn'^la?^ xfwherein the promoter element is tissue or 
in hrst'ctll containing a vector as claimed in claim 15^^^ 

II- I iTsl ceii ^arriS:f ir^cLLlf ^M^h ^iso expresses a second luciferase 
having a lower K.sub m for ATP. therein the second m^iferase is selected 

21. A host cell as claimed in ^1^^"^, ^° .^^J^JJ^ ^nd rK^^^jjT^^inant mutant 
^^^^ecombjnnnr non-mutant ^^^^^^f^^^gg^t^thEIlj^b^O^ ^ 

enzyme. T,irif erase comprising culturing a host cell as 

22 A process for producing a luciterase comp 

claimed in claim 19. . ^ ^^^^aid_method comprising 

amount of ATP in the material. ^he concentration of the ATP in the 

25. A method according to claim 23 jl^^rein s p 

rSS'S S^ttr/i-c^S .e.=u.e.e„t in step 

"r^^^h^af °?ri«^a i. clai. 23 -herein the material ™.a„r.a ia a call wh.ch 

S"hof at cS'ea in clain, 23 .herein the »aterial is a cell ana th, 
^r'rie?U%~S^i°"aS%riierein the luciferin ia introaucea into the 
cell by direct injection. wherein the luciferase is introduced into the 

^°u\rt»n.;:™lJrth.'ce5i"Ttf atSir eo»priain3 a polynncieetiae wh.ch 

i?=t'L?hirr^;:sLr.rf4igi|.^^^ 

^^^_(K^^nLJor the ^^^^^^^3- "^^Us (SEQ ID NO: 21), Luciola cruciata 

^5^3?rh51S5I3i7^^T^^^if^^ Luciola mingrelica (SEQ ID 

(SEQ ID N0:14), Luciola lateralis (SEQ ^D No ^^^^^ comprising mutating an 

fmii^cId^rS: S"sairiuriSr^se^°o?°i;ponding to residue 243 or 31S of 

ITi-'ZcTflrlil iTolillTly the ---^o^ ,^\.ciferase of Photinus pyralis 

: in a luciferase having 70% or more homology o luc^_^^ lateralis (SKQ ID 

(SEQ ID NO: 21), ^^<=-°jtcr(SES NO 18^ or Lampyris noctiluca (SEQ ID N0:20); 
NO: 16), Luciola mmgrelica f ^^^^^^^i^o acid at the amino acid residue 
the improvement comprising a ™f ^^f ^^otinus pyralis luciferase, wherein said 
corresponding to ^--^;<i^%245 or °f ^^oti^^^^py^ ^^.^^ ^.^^^^ ,han that 
improved luciferase has a K.suD.m ror 

of the wild type luciferase. claimed in claim 1 and further 

34. A test kit comprising ^. ^^"^^^JlJ/^aiJ buffer or dry materials for 
comprising one or more of '^^^^^^^^""'iJ^siJed portions of ATP suitable for 
-SrrS ;trn^rrd'-si?itrnsr(crLc!?rrin,. ^d) instructions for carrying out an 

ATP assay. 
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FOREIGN PATENT DOCUMENTS 
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0 449 621 
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95 18853 



PUBN-DATE 
October 1991 
January 1993 
July 1995 



COUNTRY 
EPX 
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WOX 



US-CL 



OTHER PUBLICATIONS 



„o»a, K.v. « .1. -complementary ™.co.i„, cllc. b.«le lucUera^ 
bloliminescence ot <5i"""^"^°n.,tlon o£ llre'ly luciierase by a single amino 

Bio=.eL^t^ ,Lc. i,,3,, ™i. 3., ... so, 

pp. 13795-13799. 
ART-UNIT: 162 

PRIMARY-EXAMINER: Prouty; Rebecca 
ATTY-AGENT-FIRM: Nixon & Vanderhye PC 

ABSTRACT : 

proteins are provided having 1- if erase activity with lower K^-b^.^than 
wild-type lucif erases altering the ^^^^^er heat stability than 

wild-type to an amino ^cid other than g^tamate ^^^^^ ,^ provided by also 
wild-type lucif erases ^^ile retaining the io photinus pyralis 

replacing the glutamate ^'^'l^^^^^^^^^^^^^f ^ In alternative amino acid, 
luciferase or 356 of I'^^^^^^^^^'-^^^^^^id residue at 215 of Photinus pyralis and 
particularly lysine and or ^he amino acid residue ^^^^ ^^^^^^^ 

111 of the Luciola species with ^^ydrophobic a ^^.^^^ ^est kits and 

Tell^r^^TTorr^^^^^^ ^^^^^^ " 

invention . 

25 Claims, 6 Drawing figures 
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DOCUMENT- IDENTIFIER: US 6171808 Bl 
TITLE: Mutant lucif erases 
DATE-ISSUED: January 9, 2001 

INVENTOR - INFORMATION : ^^.T^Trr^r^x/ 

CJTY STATE ZIP CODE COUNTRY 

NAME C^T^ ^ 

Squirrell; David J Salisbury ^ 

Lowe; Christopher R Cambridge ^ 

White; Peter J Cambridge G 

Murray; James A H Cambridge 

US-CL-CURRENT: 435/8; 435/189, 435/252^, 435/25^, 435/254_^, 435/320^, 
536/ 23 .2 

CLAIMS : 

f'L'Lolatif mutant lucif erase protein having lucif erase activity, which has 
ovef 6 raS^o Til sequence homoLgy to the ^-iferase from Photxnus p^^^^ 
Luciola mingrelica, Luciola cruciata or Luciola lateralis ^nd ^hich ^^^^^J^^ ^he 
amino arid seauence F(1)XE(2)FL (SEQ ID NO: 6), where (1) is D or E, (2) is T or 
Tand l is IT^o acid other than glutamate and is at a j^i-,---;"'^^^'^^ 
to amino acid residue 270 of Photinus pyralis lucif erase as shown in SEQ ID NO. 

I' A protein as claimed in claim 1 wherein it further comprises ^^^J. 
sequence TPXGDDKPGA (SEQ ID NO. 7) wherein X is an amino acid residue other than 

f TSJotein as claimed in claim 1, wherein the amino acid residue X is lysine. 
4' A protein as claimed in claim 1 wherein the amino acid residue corresponding 
Vo residue 215 of Photinus pyralis lucif erase is a hydrophobic amino acid. 
5 Tpro^ein as claimed in Saim 4 wherein the residue corresponding to residue 

of SoJinus pyralis luciferase is one of isoleucine, leucine or valine. 
6 Mro^eJi a^ ?IaLed in claim 1 wherein the amino acid -^^^^ ^^^f ^^^^^ 
to residue 354 of Photinus pyralis luciferase is an amino acid other than 

fTpSein of claim 6 wherein the residue corresponding to residue 354 of 
PhoJinus pyralis luciferase is one of lysine, arginine, leucine, isoleucine or 

R^^an'^isoiated DNA encoding for a protein as claimed in claim 1. 

9 ^ isolated DNA as claimed in claim 8 comprising a nucleotide sequence as 

desJ^iied in SEQ ID No 1 wherein nucleotide residues 811-813 form a codon 

encodinq an amino acid other than glutamate. ^ ^^^^ 

iSaJ isolated DNA as claimed in claim 9 wherein the codon encodes lysine 

11 Tvector comprising a luc gene encoding a protein as claimed in claim 1 

is' A vector as claimed in claim 11 obtainable by treating a vector containing a 

wild twe or recombinant luc gene by site directed mutagenesis to change the 

codon i^sponsl'e for encoding the glutamate at position 270 of Photalis pyralis 

liir if erase to an alternative amino acid. • i 

Sector aS claimed in claim 12 wherein the alternative amxno acid xs lysine, 
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14 A vector as claimed in claim 11 selected from pKK223-3, pDR540 and pT7-7 into 
^s't Telt trL^frrmerw?tra'jr:r-a vector capable of expressing a protein as 

claimed in claim 1. c r-v. i c =n coli or a S . cerevisiae cell. 

lrZ'llHy°LllZ ^°l!Saa in Sal^S^whlrein tH. a...y is ca.ri,. cu. at a 

il-Si::. ^?a!:ifS„?n th. a=say is ca„i.. out at a 

^rrp^onirc^^^"i"nrr:»iSo ^°irs^ss, .,.cr,... in sko . 

fireflv or a alow worm lucif erase. nin^-H nnc 

24 A mutated luciferase of claim 1 wherein said lucrferase is a Photmus 

type luciferase. 
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CLAIMS : 

What is claimed is: . oc^mipnce of the lucif erase of 

1. A mutant lucif erase having the amino acxd sequence of ^^^.^^ 

Luciola cruciata in which one of the . ^^^^ ^^^^^^ at amino 

^L^SalSl: fepl^cS Sly"slnf it^mino ac!. 433 or proline is 
rihrmutLriuriffra::'accrrd?nrto Claim 1, in which serine is replaced by 
r'^hJ'mutant l^^Se^rse according to claim 1, in which glycine is replaced by 

^utaSt^^uriferase- according to claim X, in which histidine is replaced by 
r?«anriucireras:'according to claim 1, in which proline is replaced by 
serine at amino acid 452. 
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ABSTRACT * 

present invention ^^^^fl^^^^l iro^SrJ^nisrffion^Srto'Sil^-e 
fsoSfriSnSH".?^frra^^L= ^ 

of a firefly. Mutant lucif.rase can produce red or g^^^ ^f.rif^r,^^ can b. u^ed 
which can not be produced by '^Pe i^°;^?^»°^„^h ,3 „d (e.g., bloodl" ^ 

gsSr^e'n-r^hicJ ll^lZl""^ ha. not provided reliable results. 
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in which serine is replaced 
in which glycine is replaced 
in which histidine is 



CLAIMS : 

Ta m^t^i^'T^cif^rase gene encoding the amino acid sequence of luciferase of 
T.rioTa cruciata in which one of the following changes appears: serine is 
r^^l^c^d'S aSaragine at amino acid 286^ glycine is replaced by --^^e ^ ammo 
acid 326, histidine is replaced by tyrosine at ammo acid 433 or proline is 
replaced by serine at amino acid 452. 

2. The mutant luciferase gene according to claim 
by asparagine at amino acid 2 86. 

3. The mutant luciferase gene according to claim 
by serine at amino acid 326. 

4. The mutant luciferase gene according to claim 

T-pnlaced bv tvrosine at amino acid 433. ^ . . 

5 "^ihe mutLt luciferase gene according to claim 1, in which proline is replaced 

by serine at amino acid 452. „i=.:m i 

6. A recombinant DNA comprising the mutant luciferase gene of claim 1. 

7 A recombinant DNA comprising the mutant luciferase gene of claim 2 . 

8 A recombinant DNA comprising the mutant luciferase gene of claim 3. 
9. A recombinant DNA comprising the mutant luciferase gene of claim 4 _ 

10 A recombinant DNA comprising the mutant luciferase gene of claim 5. 

11 I metS of producing a mutant firefly luciferase, which comprises culturing, 
in a culture medium, a microorganism belonging to the genus Escherichia 
JLnsformed wTth a ;ecombinant DNA containing a mutant gene encoding the amino 
ac?d seauence of luciferase of Luciola criciata, in which one of the following 
cSanaes appears serine is replaced by asparagine at amino acid 286, glycine is 
Spaced by serine at amino a?id 326, histidine is replaced by tyrosine at amino 
acid 433 or proline is erplaced by serine at amino acid 452, and recovering the 
mutant luciferase from the culture. . ^^a^^, 
?2?he method according to claim 11, in which the microorganism contains 
recombinant DNA having the mutant gene encoding the amino acid sequence of 
Luc^SrSuciata luciferase in which serine is replaced by asparagine at amino 

?f ^he^method according to claim 11, in which the microorganism contains 
recoJSLant DNA having the mutant gene encoding the amino acid sequence of 
iuciSa jSciata luciferase in which glycine is replaced by serine at ammo acid 
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14" The method according to claim 11, in which the microorganism contains 
recombinant DNA having the mutant gene encoding the 

Luciola cruciata luciferase in which histidine is replaced by tyrosine at amino 
acid 433 

15 The method according to claim 11, in which the microorganism contains 
recombinant DNA having the mutant gene encoding the amino acid sequence of 
Luciola cruciata luciferase in which proline is replaced by serine at amino acid 



452 
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